The dynamic characterization of vehicle structures is a crucial step in NVH analysis and helps in refining the vibration and noise in new vehicles. This paper investigates the dynamic properties of two parts of the vehicle structure which are door and hood panels. Theoretical modal analysis which is referred to as Finite Element Analysis (FEA) and Experimental Modal Analysis (EMA) or modal testing has been used as investigative tools. The paper investigates the structural dynamic properties of door and hood panels of a local car. ME'scope software was used to analyze the data obtained from Pulse to extract the dynamic properties of the panels. LS-DYNA software was used to analyze the dynamic behavior of the structure. The comparison between the results obtained from both analyses showed some similarity in frequencies and mode shapes. Finally the paper concludes that experimental modal analysis and finite element analysis can both be used to extract dynamic properties of structures.
Introduction
Finite element analysis method play an important role in understanding dynamics of car components by finding their frequencies and the corresponding mode shapes prior to their realization [1] . There has been a focus on the finite element analysis (FEA) of vehicles and their different components, namely engine, steering system, superstructure, cab and axles and chassis suspensions under both static and dynamic analysis [2] . Different computer packages such as ANSYS, ADAMS, DADS, MSC patran/MSC Natran and IDEAS have been used to develop the virtual models of vehicles and their components in order to perform the required analysis [3] [4] [5] [6] .
Experimental modal analysis, on the other hand, is the process of determining the model parameters of a linear system. One common reason for experimental analysis is the verification or correction of the results obtained from finite element analysis. A considerable number of studies have been proposed in the literature for experimental modal analysis of vehicle structures. Authors have been focused on the determination of model parameters, quantification of non-linear distortion due to different type of excitation, identification of possible causes of failure and minimization of the effects of measurement errors using mixed nonparametric-parametric approaches and model control. Methods such that sensitivity analysis, Data Dependent Systems (DDS) and identification techniques have been investigated for model parameters estimation [7, 8] .
Nowadays experimental and theoretical modal analysis tools have been developed to assist researchers in this field. Analyst and experimentalist today use sophisticated finite element programs and experimental modal analysis equipments to help in the designing and understanding of complex structures like vehicles. However, there is a lack of communication between them due to misunderstanding of each other's terminology and methods of problem solution. Therefore, the combination between theoretical and experimental modal analysis is a must to understand the vehicle behavior and achieve better quality products. Different components have been considered in previous studies including truss core sandwich, gear shift cable, scale crane rig, system injection, pump radial flow impeller with a tapered blade and aircraft fuselage. [9] [10] [11] .
Theoretical Modal Analysis of door and hood panels
The initial test was carried out to find the modal parameters using the VPG 3.2 and LS-DYNA softwares. VPG 3.2 is very capable software with a lot of libraries that contain vehicle related components (Door and Hood panels) and uses LS-DYNA as its processor and solver. This software use the capability to read LS-Keyword files. LS-Dyna modal analysis is performed in two stages. In the first stage, the modes are computed and are output to a binary database. In the second stage, this database can be used as input to supply modes for the transient dynamic analysis. In this way, modes are computed only once and re-used for transient analyses of several loading cases. The modes are computed using implicit analyses. An eigenvalue analysis is used to compute eigen modes, which are written to a binary database named "d3eigv". This database is viewed using LS-PrePost. To extract modes we had to remove unwanted parts and components that pose a problem to the modal analysis and make the problem larger because the car model used for this study was designed for crash test and has several other parameters attached to it that are irrelevant to the modal analysis. Next, we had to extract each part from the original FEA model of the whole car and carry out the modal analysis test. Therefore, we had to use VPG software where we could select parts and export the activated parts with their properties. Table 4 . The first mode of the vibration occurs at 53.05 Hz, and appears to be a simple bending mode. The second mode occurs at 58.83 Hz, and is a torsional mode. The panel was split into four equal parts, each two opposite corners are moving in phase. At the third mode the hood panel shows second bending mode, and occurs at 76.08 Hz, it shows low vibration. The fourth mode of vibration occurs at 84.15 Hz. It looks like a tortional mode as each two opposite corners are vibrating in phase. The amplitude of vibration is higher compared with the previous mode. The fifth mode of vibration occurs at 86. 8 Hz, and appears to be a second bending mode. There are two antinodes, one on the right and the other one on the left. The left antinode appears to have high amplitude compares to the right one. The sixth mode of vibration occurs at 100.87 Hz. At this mode the two front corners of the hood are vibrating freely and the two rear corners are not. It looks like flying mode. At 102.9 Hz, the panel appears to be a torsional mode. It shows that the two rear antinodes present high amplitude of vibration compared to the two front antinodes. The eighth mode of vibration occurs at 107.78 Hz. It does not show any clear mode type of vibration. However, the mode shape of the hood shows high vibration on the left and right sides, and looks like flying mode. The ninth mode of vibration occurs at 117. 6 Hz, and appears to be a third vertical bending mode. The last mode of vibration occurs at 125.7 Hz. Only left side of the hood is vibrating with second bending mode.
In conclusion, the results from the FEA solution were successfully generated. The results involved natural frequencies and their associated mode shapes of the door and hood panels, which is one of the achievements of this work. These results will be verified in the following, by using experimental modal analysis.
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Experimental results and comparison with theoretical results
The experimental modal analysis setup is shown in Fig 1. All equipments used in the test are labeled in the diagram. The panels were excited using an impact hammer. Two FFT analyzers with 7 available channels were used. The two analyzers are connected by a router to satisfy the number of channels. Six accelerometers could therefore be used, three of them are connected to the three channels analyzer and the other three accelerometers and a hammer are connected to the other four channel analyzer. The six accelerometers were positioned at several sampling panels. Data obtained from points were collected in the pulse software installed in a Compaq notebook and then send ME'scope VES software for further analysis to obtain the natural frequencies and the corresponding mode shapes. The results obtained from experimental modal analysis will be compared with those obtained from theoretical modal analysis.
. Fig. 1 : Experimental analysis set up
The first comparison was conducted on the door panel. Table 1 shows the comparison between experimental and theoretical frequencies. It shows a fair agreement between the two methods as the percentage difference is varied between 28% and 50%. In addition it was observed that the frequencies of the last eight modes showed almost the same percentage difference between the experimental and theoretical methods as shown also in The seventh mode shows a quite good similarity as both mode shapes display high vibrations at the rear part and low vibrations at the front part of the panel. Mode number eight also shows quite good agreement between the two methods. At this mode, the door panel vibrates along its center. Finally, we compare the mode shapes corresponding to the ninth and tenth modes. These two modes show fair similarity between the experimental and theoretical mode shapes as shown in Table 2 . The ninth mode shows some similarities between the experimental and theoretical mode shapes especially at the upper rear corner of the panel. While at the tenth mode the both mode shapes exhibit vibration at the lower part and no vibration can be seen at the upper part of the panel.
The second comparison was conducted on the car hood panel. Table 4 shows the comparison between the experimental and theoretical frequencies. It shows quite acceptable agreement, except for the first two modes, which show high percentage difference is 68% and 49% respectively. It also shows that the fourth, fifth, and sixth modes are in good agreement as the percentage difference is less than 9%. The remaining frequencies are in reasonable agreement as the percentage difference is less than 33%. So the comparison between experimental and theoretical frequencies in general shows acceptable agreement between the two methods. Furthermore, Fig 3 also shows an acceptable agreement between experimental and theoretical frequencies.
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Noise, Vibration and Comfort To have a good insight on the comparison between the two methods we should also compare the mode shapes. Table 4 It was noticed from the comparison of the results obtained from the experimental and theoretical modal analysis that the vibration amplitude of the experimental mode shapes are significantly less from those of theoretical modal analysis. This could be because of either the extra treatment applied on the surfaces of the car panels (damping) to reduce the strength of the vibration or due to the exciters located at the corner of the panels not being able to excite the panels. It was also noticed that the frequency difference percentage at the first and second mode is quite high for both panels.
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Conclusion and discussion
The main objective of this paper is to investigate the dynamic properties of two parts (door and hood panels) of a vehicle structure by using experimental and theoretical modal analysis. Finally, this effort was capped with a comparison between these two methods.
The first comparison was carried out on a door panel. Results from both methods showed similarity on both frequencies and mode shapes. The mode shape results showed a good agreement between the two methods, although the frequency difference percentage is about 30%.
The second comparison was done on the hood panel for both frequencies and mode shapes. In terms of the frequency, generally the results showed quite acceptable agreement except for the first two modes, where high difference i.e 68% and 49% respectively was demonstrated. The frequencies of the fourth, fifth and sixth modes are in good agreement (error less than 9%) while the remaining frequencies are in reasonable agreement (error less than 33%). In terms of mode shape, the results obtained between the two methods for the hood panel also showed similarities for the majority of the modes.
Generally, it can be concluded that there are fair agreements between experimental and analytical results, which was the target of this research work. However, there are some discrepancies between the experimental and theoretical results. The reasons for these discrepancies have been discussed in the previous section.
